Expression of a functionally active human renal sodium-calcium exchanger lacking a signal sequence.
The Na+-Ca2+ exchanger is an unusual membrane transport protein as it contains an NH2-terminal signal sequence which is co-translationally removed in the endoplasmic reticulum during synthesis. To determine if the signal sequence was essential for biosynthesis, mutations were introduced in the NH2 terminus of the cDNA coding for the human renal Na+-Ca2+ exchanger in order to alter processing of the protein. To prevent cleavage of the signal sequence during biosynthesis, the last residue of the consensus signal sequence, Ala-1, was changed to Phe. Deletion mutants were also constructed to encode for exchangers which lacked the signal sequence, the signal sequence and the first extracellular loop, or all of the NH2 terminus including the first transmembrane segment of the mature protein. These mutants were expressed in HEK 293 cells and assayed for Na+-Ca2+ exchange activity. Mutants lacking either a signal sequence or containing a noncleavable signal sequence were still targeted to the plasma membrane, where they exhibited Na+-Ca2+ exchange activity. By contrast, the mutants which had more than the signal sequence deleted did not demonstrate any exchange activity. These mutants were, however, still integrated into the membrane and were resistant to alkali extraction. These results show that the signal sequence is not essential for biogenesis of the Na+-Ca2+ exchanger and suggests that the molecule contains one or more internal signal sequences for insertion into the membrane during biosynthesis.